Inflammation is the immune system's response to infection and injury-related disorders, and is related to pro-inflammatory factors (NO, PGE 2 , cytokines, etc.) produced by inflammatory cells. Atopic dermatitis (AD) is a representative inflammatory skin disease that is characterized by increasing serum levels of inflammatory chemokines, including macrophage-derived chemokine (MDC). Carpinus tschonoskii is a member of the genus Carpinus. We investigated the anti-inflammatory activity of C. tschonoskii by studying the effects of various solvent fractions prepared from its leaves on inflammatory mediators in HaCaT and RAW264.7 cells. We found that the chloroform fraction of C. tschonoskii inhibited MDC at both the protein and mRNA levels in HaCaT cells, acting via the inhibition of STAT1 in the IFN-γ signaling pathway. In addition, the chloroform fraction significantly suppressed the expression of inflammatory factors induced by lipopolysaccharide stimulation, except COX-2 and TNF-α. These results suggest that the chloroform fraction of C. tschonoskii leaves may include a component with potential anti-inflammatory activity.
INTRODUCTION
Inflammation is an essential defense mechanism against various insults to our body. However, an overreaction of inflammatory response leads to inflammatory disease such as rheumatoid arthritis, systemic lupus erythematous, Crohn's disease, atopic dermatitis (AD). Various mediators, such as nitric oxidase, prostaglandins, inflammatory cytokines, and others induced by macrophages have important roles in inflammatory diseases (Coleman, 2001; Duffield, 2003; Maruotti et al., 2007) .
AD is a chronic inflammatory skin disease with allergic and genetic etiology. It is characterized by the infiltration of inflammatory cells, like Th2-type cells, eosinophils, mast cells, and macrophages, into lesioned skin. Migration of inflammatory cells is regulated by chemokines. Chemokines are a group of small cytokines produced by various cell types (Kaplan, 2001; Pease and Williams, 2006) . Especially, macrophage-derived chemokine (MDC/CCL22) and thymus-and activation-regulated chemokine (TARC/CCL17) are produced by keratinocytes, dendritic cells, endothelial cells, bronchial epithelial cells and play important roles in the recruitment of Th2-type cells expressed CC chemokine receptor 4 (CCR4) on the surface. It has been reported that the serum level of these Th2-type chemokines is associated with atopic diseases like AD (Kakinuma et al., 2002; Leung et al., 2003) .
Carpinus tschonoskii belongs to the genus Carpinus and family Betulaceae and is distributed through southern regions, including Jeju, of Korea, China, and Japan. It is reported that the leaf extract of C. tschonoskii has cytoprotective effect on H 2 O 2 induced oxidative stress and inhibitory effect on CpG-induced pro-inflammatory cytokines (Zhang et al., 2007; Koo et al., 2012) . There is also a report that tannins from galls of C. tschonoskii inhibited the degranulation of mast cells (Yamada et al., 2012) .
We investigated the effects and action mechanisms of the Preparation of solvent fractions. Each fraction isolated from Carpinus tschonoskii was provided from COS-MAX Inc. The leaves of C. tschonoskii were harvested and identified at Halla Arboretum in Jeju. The samples were washed, dried and ground to powder (150 g). The powder was extracted with 80% ethanol (5 L) by sonication for 4 hr and filtered through filter paper (Advantech No. 4, Toyo Roshi Kaisha, Ltd.) . The filtrate was evaporated to dryness in a Rotavapor (CT-T, 19.3 g). The ethanol extract (12 g) was further extracted using hexane (CT-H; 1.29 g), chloroform (CT-C; 0.82 g), ethyl acetate (CT-E; 1.98 g), n-butanol (CT-B; 2.53 g), and water (CT-W; 1.74 g). The systematic preparation scheme is shown in Fig. 1A .
Cell culture. The immortalized human keratinocyte cell line, HaCaT, was cultured in DMEM supplemented with 10% FBS and penicillin-streptomycin (100 U/ml) at 37 o C in a 5% CO 2 atmosphere. The mouse macrophage cell line, RAW264.7, was cultured in DMEM supplemented with 10% heat-inactivated FBS, penicillin-streptomycin (100 U/ ml) at 37 o C in a 5% CO 2 atmosphere.
Cell viability assay. Cell viability was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assays. HaCaT or RAW264.7 cells were stimulated with IFN-γ or LPS in the absence or presence of C. tschonoskii fractions. After incubating for 24 hr, cells were treated with 20 µl MTT for 4 hr. The formazan precipitate was dissolved in 200 µl of dimethyl sulphoxide (DMSO) for 30 min, and the absorbance of the contents of each well was measured at 540 nm using ELISA reader.
Lactate dehydrogenase (LDH) assay. The levels of LDH in the extracellular space were determined using a . After 30 min shaking at room temperature, the enzymatic reaction was stopped by adding 50 µl of 1 M acetic acid. The absorbances of the samples were measured at 490 nm to detect the presence of reduced INT, and 9% Triton X-100 was used to determine the maximal LDH content of the cells by allowing complete lysis. NO assay. Nitrite, which is the end-point of NO generation by activated macrophage, was measured by a colorimetric assay. 100 µl of Griess reagent (1% sulfanilamide and 0.1% N-[1-naphthyl]-ethylenediamine dihydrochloride in 5% phosphoric acid) was added to 100 µl cell supernatant. After incubation for 10 min in RT, the absorbance was determined at 540 nm using an ELISA reader. The concentration of NO 2 − was calculated by comparison with a standard curve prepared using NaNO 2 . o C for 10 min was performed at the end of the cycles. The reaction products were visualized by electrophoresis on a 1.2% agarose gel (Promega) and UV light illumination after staining with ethidium bromide. The relative intensity was analyzed using Quantity One software version 4.2.1.
Extraction of total RNA and Reverse transcription polymerase chain reaction (RT-PCR

Enzyme-linked immunosorbent assay (ELISA).
Protein production of MDC in the supernatant was measured with an ELISA kit according to the manufacturer's instructions. Cell culture supernatants were added to each well and incubated for 2 hr at room temperature (RT). After washing, anti-MDC antibody conjugated to biotin was added to each well. The plates were incubated for 2 hr at room temperature. After washing, Streptavidin conjugated to horseradish-peroxidase was added and incubated for 20 min. After washing, a substrate solution (including tetramethylbenzidine) was added and incubated for 20 min. The reaction was stopped by 2 N sulfuric acid and the optical density of each well was determined using an ELISA reader.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis. After incubation, cells were washed twice with ice-cold PBS and were lysed in a protein lysis buffer [50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO 3 , 10 mM NaF, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, 25 µg/ml aprotinin, 25 µg/ml leupeptin]. The whole-cell lysates were then isolated by centrifugation. Protein concentration was measured using the Bradford method. Aliquots of the lysates (203 0 µg of protein) were separated on a 10% SDS-polyacrylamide gel and transferred onto a polyvinylidene fluoride (PVDF) membrane (Bio-Rad) with a glycine transfer buffer [192 mM glycine, 25 mM Tris-HCl (pH 8.8), 20% MeOH (v/v)]. After blocking the nonspecific site with 5% non-fat skim milk solution, the membrane was then incubated with rabbit anti-human phospho-STAT1 (1 : 1000, Cell Signaling), mouse anti-STAT1 (1:1000, BD) or mouse anti-human β-actin (1 : 1000, Sigma) specific primary antibodies at 4 o C for overnight. The membrane was further incubated for 60 min with a peroxidase-conjugated anti-rabbit (1 : 5000, Cell Signaling) or anti-mouse (1 : 5000, Santa Cruz Biotechnology) secondary antibody at room temperature. Immunoactive proteins were detected using the WEST-ZOL (plus) Western Blot Detection System (iNtRON Biotechnology).
Confocal microscopy analysis. The cells were seeded onto coverslips at 6-well plate and were fixed with freshly prepared 3.5% paraformaldehyde for 30 min and premeabilized with 0.1% Triton X-100 for 10 min. After 1 hr incubation with 3% BSA/0.1% triton X-100/PBS, the primary antibody against STAT1 (1 : 200) was applied overnight at 4 o C. The cells was washed and then incubated with DyLight488 conjugated donkey anti-rabbit secondary antibody (1 : 300) for 30 min at room temperature. After wash steps, coverslips were mounted in VECTASHIELD Mounting Media with DAPI (Vector Labs, Burlingame, CA). The results were visualized using FV500 confocal microscopy (Olympus, Tokyo, Japan).
Statistical analysis. Quantity One version 4.2.1 and Image-Pro plus version 4.5 were used to transform images into numerical values. Student's t-test and two-way analy-sis of variance were used to determine the statistical significance of differences between values for the experimental and control groups.
RESULTS
Effects of solvent fractions from C. tschonoskii on the inflammatory chemokine in HaCaT keratinocyte. We investigated effects of solvent fractions from C. tschonoskii on the inflammatory chemokines in IFN-γ-stimulated HaCaT cells. MDC production is markedly increased by IFN-γ stimulation in HaCaT cells and decreased when treated with solvent fractions from C. tschonoskii, except hexane fraction (Fig. 1B) . Especially, EtOH, EtoAc, and BuOH fractions strongly inhibited the MDC production. We next examined whether these inhibitory effects of solvent fractions of C. tschonoskii are related with cell cytotoxicity. HaCaT cells were treated with solvent fractions (50 µg/ml) for 24 hr and cell viability was affirmed by MTT assay. As shown in result, the fractions had an inhibitory activity on MDC production, with cell cytotoxicity activity at 50 µg/ml on the HaCaT cells, excluding chloroform fraction (Fig.  1C) . Thereafter, we used only the chloroform fraction in further study.
Effect of chloroform fraction from C. tschonoskii on the inflammatory chemokine in HaCaT keratinocyte. We next investigated the effects of chloroform fraction from C. tschonoskii on the inflammatory chemokines in IFN-γ-stimulated HaCaT cells. To confirm the cytotoxicity of chloroform fraction on the HaCaT cells, we performed a LDH assay. Chloroform fraction did not affect the cytotoxicity ( Fig. 2A) .
Therefore, we examined the effect of chloroform fraction on the protein production and the mRNA expression of MDC. HaCaT cells were treated with chloroform fraction and stimulated with IFN-γ for 24 hr. Increased MDC production by IFN-γ stimulation was reduced by treatment of chloroform fraction (Fig. 2A) . We next analyzed the effect of chloroform fraction on IFN-γ-induced mRNA expression of MDC after the treatment of chloroform fraction for 18 hr by RT-PCR. Consistent with the ELISA result, chloroform fraction from C. tschonoskii significantly suppressed IFN-γ-induced mRNA expression of MDC with increasing dose (Fig. 2B) . These results suggest that chloroform fraction from C. tschonoskii can modulate expression of Th2 inflammatory chemokine, MDC, in IFN-γ-stimulated HaCaT keratinocytes.
Effect of chloroform fraction from C. tschonoskii on IFN-γ-activated STAT1 in HaCaT keratinocyte. We further studied the effect of chloroform fraction on the signaling pathway that leads to expression of MDC in IFN-γ-stimulated HaCaT cells. Previous studies have reported that Jak/STAT, NF-κB, and p38 MAPK pathways contribute to production of MDC in IFN-γ and/or TNF-α-stimulated HaCaT cells. Also, Jak/STAT1 signaling pathway is a major signaling pathway of IFN-γ signaling (Ju et al., 2009; Jeong et al., 2010; Hongqin et al., 2011) . Therefore, we investigated the effect of chloroform fraction on IFN-γ-induced STAT1 activation. chloroform fraction from C. tschonoskii pre-treated for 2 hr, and then HaCaT cells were stimulated with IFN-γ for 30 min. Chloroform fraction dramatically suppressed the IFN-γ-induced phosphorylation of STAT1 (Fig. 3A) . Also, we confirmed the effect of chloroform fraction on nuclear translocation of STAT1 by immunofluorescence analysis. STAT1 protein at cytosol was trans-located to nuclear after IFN-γ stimulation and was inhibited by chloroform fraction treatment (Fig. 3B) . These results indicate that chloroform fraction from C. tschonoskii inhibits IFN-γ-induced MDC production through inhibition of STAT1 activation in HaCaT keratinocytes.
Effect of chloroform fraction from C. tschonoskii on the inflammatory mediators in RAW264.7 macrophage. Next, we investigated whether chloroform fraction from C. tschonoskii has an anti-inflammatory effect in RAW264.7 macrophage. We first measured the effect of chloroform fraction on LPS-induced NO production in RAW264.7 cells by Griess method in culture medium. Stimulation of cells with LPS for 24 hr increased NO production in the medium and chloroform fraction dose-dependently inhibited NO Fig. 3 . Effect of chloroform fraction from Carpinus tschonoskii on the STAT1 signal in IFN-γ-stimulated HaCaT human keratinocytes. (A) Cells were pretreated with the indicated concentration of chloroform fraction of C. tschonoskii for 2 hr, and then the phosphorylation of STAT1 was determined in cells stimulated by IFN-γ (10 ng/ml) for 30 min. The levels of STAT1 and β-actin were identified using Western blotting analysis. (B) Cells were pretreated with the chloroform fraction (50 µg/ml) of C. tschonoskii for 2 hr, and then the translocation of STAT1 protein was determined in cells stimulated by IFN-γ (10 ng/ml) for 60 min. Immunofluorescence stain of STAT1 was stained with DyLight488-conjugated 2 nd antibody and the fluorescence was identified using confocal microscopy (FV500, OLYMPUS) and the images were acquired at constant conditions (PMT, gain, offset, magnification (20 × objective with zoom factor of 2.5) and resolution, etc.). These data are representative of three independent experiments. production by LPS in RAW264.7 cells (Fig. 4A) . To examine whether this suppression of NO production was due to reduced iNOS expression, we performed RT-PCR analysis of LPS-stimulated cells. Consistent with the NO assay result, the chloroform fraction suppressed the mRNA expression of iNOS in a dose-dependent manner (Fig. 4B) .
Furthermore, we investigated the effect of chloroform fraction from C. tschonoskii on the other pro-inflammatory factors (COX-2, TNF-α, IL-1β, and IL-6). The mRNA expression of pro-inflammatory factors was evaluated in RAW264.7 cells incubated with LPS in the presence of various concentration of chloroform fraction. The stimulation of RAW264.7 cells with LPS led to the increased expression of the proinflammatory factors. Chloroform fraction from C. tschonoskii dramatically decreased the mRNA expression of IL-1β and weakly inhibited the mRNA expression of TNF-α and IL-6. However, COX-2 mRNA expression by LPS stimulation was not suppressed by the treatment of chloroform fraction from C. tschonoskii (Fig. 4B) .
To determine the effect on cell viability by chloroform fraction in RAW264.7 cell, we performed MTT assay. As a result, chloroform fraction did not affect on the cell viability (Fig. 4C) . These results indicated that chloroform fraction from C. tschonoskii shows the anti-inflammatory activity through the inhibition on pro-inflammatory factors in RAW264.7 macrophages.
DISCUSSION
In this study, we found that chloroform fraction from C. tschonoskii has an inhibitory activity on various inflammatory mediators.
Chemokines are secreted basic proteins of 8~10 kDa and are critically important in allergic inflammation via leukocyte trafficking and leukocyte activation. Among them, I-309 (CCL1), monocyte chemotactic protein-1 (MCP-1/ CCL2), regulated and normal T cell expressed and secreted (RANTES/CCL5), eotaxin(CCL11), MCP-4 (CCL13), thymus and activation regulated chemokine (TARC/CCL17), macrophage inflammatory protein-3α (MIP-3α/CCL20), macrophage-derived chemokine (MDC/CCL22), and cutaneous T-cell-attracting chemokine (CTACK/CCL27) are originated from keratinocytes and may be an effective target for treatment of inflammatory skin diseases (Kaplan, 2001; Pease and Williams, 2006; Luster, 2001 ). Particularly, an MDC level is closely related with AD and is one of the characteristic features of AD (Kakinuma et al., 2002; Leung et al., 2003; Mantovani et al., 2000) . Therefore, we firstly tested the effect of solvent extracts of C. tschonoskii on MDC expression in HaCaT keratinocytes and we found that chloroform fraction from C. tschonoskii inhibits the protein production and mRNA expression of MDC in IFN-γ-stimulated HaCaT keratinocytes (Fig. 1C and 2A and 2B ).
IFN-γ is well-known to trigger antiviral and adaptive immune responses through a Jak-STAT signaling pathway. IFN-γ binds to IFNGR1 and R2 on cell surface and then Fig. 4 . Effect of chloroform fraction of Carpinus tschonoskii on the inflammatory mediators in the LPS-stimulated RAW264.7 murine macrophage. (A) Cells were treated with LPS (1 µg/ml) only or LPS plus different concentrations (12.5, 25, 50, 100 µg/ ml) of chloroform fraction for 24 hr. At the end of incubation, NO assay was determined from the supernatant. NO production was determined by Griess method. The measurement of NO was done in triplicate. Error bars indicate ± S.D. *, p < 0.05; **, p < 0.01; ***, p < 0.001, significant when compared with LPS positive control. (B) mRNA expression of inflammatory mediators was determined from the cells stimulated by LPS (1 µg/ml) in the presence of chloroform fraction (25, 50, 100 µg/ml) for 24 hr. (C) Cell viability was determined from the cells stimulated with LPS (1 µg/ml) in the presence of chloroform fraction of C. tschonoskii (12.5, 25, 50 , 100 µg/ml) for 24 hr. Cell viability was analyzed by MTT assay.
activates Jak/STAT, ERK, p38 MAPK, and NF-κB pathways (van Boxel-Dezaire and Stark, 2007; Gough et al., 2008) . Also, these activated pathways can modulate the expression of numerous inflammatory mediators, including MDC (Jeong et al., 2010; Hongqin et al., 2011; Kang et al., 2011) . Accordingly, to confirm the action mechanism of chloroform fraction from C. tschonoskii, we next explored the effect of chloroform fraction from C. tschonoskii on the STAT1 activated by IFN-γ stimulation in HaCaT cells. As expected, chloroform fraction from C. tschonoskii potently inhibited the phosphorylation and translocation of STAT1 (Fig. 3A and 3B ). These results indicate that chloroform fraction of C. tschonoskii can affect the STAT1 signaling cascade.
Numerous studies demonstrated that TNF-α, IL-6, NO, and COX-2 play key roles in inflammation in vitro and in vivo. TNF-α and IL-6 are the cytokines that act as coordinate the inflammatory responses. High NO production by macrophages can damage host cells and tissues and COX-2 appears to be the dominant source of prostaglandin formation in inflammation. (MacMicking et al., 1995 , Damte et al., 2011 , Ricciotti and FitzGerald, 2011 , Li et al., 2012 Marcuzzi et al., 2012) . We lastly explored the activity of chloroform fraction from C. tschonoskii on inflammatory mediators in LPS-stimulated RAW264.7 macrophages. Although there is diverseness among inhibitory activities on inflammatory mediators induced by LPS stimulation in RAW264.7 cells, chloroform fraction of C. tschonoskii inhibited inflammatory mediators induced by LPS stimulation (Fig. 4A and 4B ). Our results indicate that chloroform fraction from C. tschonoskii has anti-inflammatory activity in LPS-stimulated RAW264.7 cells.
There is a report that MeOH extract of C. tschonoskii inhibits CpG-induced inflammatory cytokines (IL-6 and TNF-α) through blocking NF-κB signaling in bone marrow-derived macrophages (BMDMs) (Koo et al., 2012) . Viral DNA is rich in unmethylated CpG motifs, which stimulates TLR9 that is expressed intracellularly within the endosomal compartments and functions to alert the immune system of viral and bacterial infections. CpG-recognized TLR9 pathway principally activates an expression of proinflammatory cytokines via the activation of MyD88-dependent pathway. Nevertheless, lipopolysaccharide (LPS) is an important structural component of the outer membrane of Gram-negative bacteria and is recognized by TLR4. This is largely mediated via two downstream pathways: MyD88-dependent and -independent pathway (Pålsson-McDermott and O'Neill, 2004; Takeshita et al., 2004; Michelsen et al., 2004; Ulevitch et al., 2004) . Moreover, LPS stimulation can activate a Jak/STAT pathway and regulates the transcription of target genes encoding proinflammatory cytokines, chemokines, and inducible enzymes such as iNOS and COX-2 (Stempelj et al., 2007; Hu et al., 2007; Hammer et al., 2010) . Although further study is needed on the action mechanism of chloroform fraction from C. tschonoskii in RAW264.7 macrophage, taken together with the results in HaCaT cells, the inhibitory effect of chloroform fraction on LPS-induced inflammatory mediators may be the effect through an inhibition of NF-κB and STAT1.
Previous study showed that genus Carpinus contained various flavonols (myricetin 3-O-glycoside, quercetin 3-Oglycoside, kaempferol 3-O-glycoside, etc), flavanone (naringenin), and isoflavone (genistein). Especially, C. tschonoskii exclusively involved another flavonol, myricetin (Jeon and Chang, 2000) . Therefore, study is needed that confirms the activity component in chloroform fraction from C. tschonoskii.
In summary, chloroform fraction of C. tschonoskii suppresses the inflammatory chemokine, MDC, expression through the regulation of STAT1 signal in HaCaT keratinocytes and the inflammatory mediators in RAW264.7 macrophages. The biological effects of the chloroform fraction from C. tschonoskii confirmed in this study indicate that an extract or its components might be useful for the treatment of inflammatory disorders.
